
This is a supplementary material for the article “Nonlinear time-warping for dummies: a tutorial on
modal separation with a single hydrophone” by J. Bonnel, A. Thode, D. Wrigth and R. Chapman.

This material contains Matlab code for the reader to try and play with warping. All the scripts are
interactive and press-and-play : there is no need to read a single line of code to try them. Just run the
scripts and follow the instructions that Matlab will give you.

All the code is organized into the matlab_code folder. It contains 
 several scripts that will guide you through the warping process. They are ordered alphabetically,

and are supposed to be run in this order. 
 an  experimental_data folder,  which  contains  data  and  code  to  reproduce  the  experimental

examples contained in the tutorial. Here again, subfolders and scripts are ordered alphabetically.
 a subroutines folder, which contains all the functions that are called by the main scripts. You do

not have to look into this folder if you just want to play with the script provided here. 

Ideally,  run all  the scripts in the main  matlab_code folder before turning to the experimental_data
folder.  If  you want  to  try  warping on your  own dataset,  you can  use  the  scripts  provided in  the
experimental_data folder. In theory, the only thing to do is to open your own wav file, instead of the
files we provide. 

If something seems wrong when you apply warping on your own dataset:
 Remember that the code is designed to handle small data snippets (i.e. a few seconds). If your

original data is long, process it first with an audio software to create a reasonable wav file. 
 Look at the code – it is heavily commented and hopefully understandable. Some processing

parameters are hardwired and may need to be changed (most of these parameters are listed at
the beginning of the scripts)

Sometimes,  warping  works  really  well  (i.e.  the  estimated  dispersion  curves  look  reasonable),  but
something seems wrong with localization. Hints that localization went wrong include:

1. estimated r and/or c2 and/or dt stuck at one bound of the search space 
2. poor match between estimated dispersion curves and simulated replicas

These problems usually happen when the environment is not properly modeled. This may be due to 1)
parameters that need to be adjusted, or 2) a complex experimental environment that cannot be modeled
by a Pekeris waveguide. The first case is relatively easy to solve. To do so :

 You must change the environmental parameters and adapt them to your situations
◦ environmental parameters are listed at the beginning of the localization scripts. Make sure to

adjust water depth D (use the water depth at the receiver location). You may have to change
water sound speed too. If you know the water sound speed profile, just use an average value
for c1. 

 You may have to change the search grids for the parameters to be estimated
◦ search grids are listed just below the environmental parameters
◦ make sure that the lower bound for c2 (seabed sound speed) is higher than c1 (water sound

speed)
◦ make sure to adapt the bounds for dt if you change the bounds for r (look at comments in

the code for more details)
 Look at the code – it is heavily commented and hopefully understandable. 



If tuning localization parameters does not help, it is likely that the signal you study have been recorded
in an environment that is too complicated to be modeled by a Pekeris waveguide. This notably happens
if the sound speed profile in the water column is highly refractive (e.g. Arctic sound speed profile), or if
the environment is seriously changing along the propagation track (e.g. range-dependent bathymetry).
In this case, you will need to replace the Pekeris waveguide model by something more realistic, and use
a dedicated modal propagation code to compute the group speeds. You may also have to estimate more
environmental parameters, and replace the grid search by an optimization algorithm. These issues are
too complex to be covered in this tutorial. However, note that:

 several modal propagation models are freely available on the Ocean Acoustics Library (OALIB,
https://oalib-acoustics.org/).

 Many optimization algorithms are available online, and Matlab has a dedicated optimization
toolbox

Good luck!

https://oalib-acoustics.org/

